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discussion  of  properties  of  the  snow  cover  is  also  included  from  observations  in  the. 
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13.  ABSTRACT 

the  Barrow  area  reveal  that  the  surface  geometry 
of  the  coast  is  dramatically  altered  by  the  sea¬ 
sonal  windblown  snow  cover  which  tends  to  ramp 
the  sea  cliffs.  The  frequency  of  gullies,  streams}, 
embayed  rivers  and  drowned  thaw  lakes  along  the 
coast  was  examined  since  they  provide  windows 
through  the  scarp  and  access  to  inland  areas. 

There  are  approximately  800  windows  along  this 
coast  or  about  0.4  per  km,  with  a  mean  width  of 
about  200  m  and  mean  inland  extent  of  .4  km. 
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ABSTRACT 


This  croup  of  four  reports  describes  the*  characteristics  and  seasonal  variation  of 
prominont  rdief  features  on  and  alone  the  margin  of  the  aretie  coastal  plain,  lhese  reliel 
features  include  polygonal  ground  patterns.  lake  scarps  and  coastal  featuies. 

The  mnge  of  polygonal  ground  patterns  commonly  found  is  illustrattnl  by  a  numher  ol 
transects.  The  influence  of  the  seasonal  snow  cover  on  relief  ts  indicated  by  profilos  taken 
during  the  summer  and  the  winter.  The  winter  proftlcs  were  taken  during  llu;  period  of  maxi¬ 
mum  snow  accumulation.  The  sulKluing  influence  of  the  seasonal  suowpack  is  much  more 
apparent  in  areas  of  high  relief.  Irregularities  in  the  snow  surface  may  approach  those 
found  in  the  more  featureless  areas  of  summer  relief. 

A  discussion  of  properiies  of  the  snow  cover  is  also  included  from  observations  in  the 
Harrow  study  area.  Constant  reworking  by  the  wind  of  small  aniouuis  of  snow  results  in  a 
snow  surface  with  high  bearing  capacity  and  low  (  0.2  in)  surface  relief. 

The  aerial  phoio  study  of  the  Barrow  study  area  provided  statistics  concerning  the 
occurrence  and  amount  or  relief  associated  with  polygonal  ground  terrain.  Appioximately 
64"o  of  the  area  was  covered  with  prominent  polygonal  ground  relief.  Polygonal  ground 
patterns  with  relief  0.5  m  and  seldom  exceeding  1.0  m  with  1.5  m  being  the  practical 
upper  limit  cover  10.7“'.  of  the  area.  The  remainder  of  the  study  area  can  be  grouped  into 
two  general  categories:  1)  53‘«  with  polygonal  ground  relief  less  than  O.o  m.  and  2)  06  u 
containing  all  other  relief  categories,  including  water  surfaces. 


The  study  of  coastal  processes  and  relief  features  along  the  northern  Alaskan  coast 
was  in  part  based  on  maps  and  aerial  photos.  Mean  coastal  relief  or  sea-cliff  height  was 
approximately  3.9  m.  with  about  75":  or  the  coast  having  5  m  or  less  relief.  Profiles  Irom 
the  Barrow  area  reveal  that  the  surface  geometry  of  the  coast  is  dramatically  altered  by  the 
seasonal  windblown  snow  cover  which  tends  to  ramp  the  sea  dirts.  The  fiequeitcy  of 
gullies,  streams,  embayed  rivers  and  drowned  thaw  lakes  along  the  coast  was  examined 
sinee  they  provide  “windows"  through  the  scarp  and  access  to  inland  areas.  There  are 
approximately  800  windows  along  this  coast  or  about  0.4  per  km.  with  a  mean  width  of 
about  200  m  and  mean  inland  extent  of  .4  km. 


TBRR/UN  AND  COASTAL  CONDITIONS  ON  THE  ARCTIC  ALASKAN  COASTAL  PLAIN 

Introduction 

Amo.*  tin1  many  variable.,  which  phenomena. 

. . . 

This  report  considers  this  topic  tor  ^l“' 1 1‘(\ 9^)  dl-^.'Vib "s  th^  Ar.-.t i.-  Coastal  Plain  as 
(now  commonly  called  the  North  o  opt-  .  * 1  •  '  maximum  altitude  of  600  feet 

"...  a  smooth  Plan,  rising  impereepuhly  from  Urn  ^  |)f  ,.oastal  plain  and 

a,  its  southern  margin.  The  coast Irn-  ^  oco;ui;  thB  „ighest  coastal  cliffs  are  only 

shelf,  and  the  shore  is  gem  rally  only  1  1  flat  |;md!  ...  is  very  P'>orly 

50  feet  high.  Tlie  Arctic  Coastal  Plain  is  •••  or  u  .  t.rossC(l»,v  rivers  wtiiel.  head  in  hiuhlands 
drained  and  consent, tly  ts  very  marshy  in  summer.  ^  incised  50-300  feet; 

,0  the  small.  R.vers  west  of  the  Colville  «  ^Zc,m/w  del, as  «•  H» 

lliose  vast  of  tlio  Colville  cross  the  P1-“n  111  r **  im,e  ls  coverod  by  elongated  draw  lates 

Arctic  Ocean.  IMostl  ...  ofthe  Arctic  ^  d  nnles  lone  are  from  Iwo  to  twenty  feet  deep. 

oneillerl  N  15“  •;  IWM  r™' “  fl‘w  expand  ahonl  one  mete,  per  yea.  in  places,  and 

and  are  oval  or  rectangular  in  shape  ....  The  1  .  P  iCe-wedge  polygons  covers 

several  generations  of  drained  lake  basins  may  he  seen.  ...  A  networK 

the  coastal  plain  ...  •  , 

While  it  is  not  suggested  by  Wan rhaftig's  as  macro- 

associated  with  it  which,  due  to  its  ubiquity.  *  P  *  for  Uic  eoastliue  itself,  are  not 
relief.  This  is  particularly  true  since  niacron. 1‘  -  J  Furthermore,  both  micro-  and 

overly  abundant  or  widespread  on  must  of  ArUu^  ^  ^  months  of  lhe  year,  and  thus 
maerorelief  are  subdued  by  the  seasonal  snow  cover  ^  ^rmane  to  the  subject . 

this  moderating  effect  and  the  characteristics  of  the  snow  cover 

These  topics  are  treated  in  this  report  in  four  separate  but  related  chaptens. 

l:  ,ron'  lurp‘,0,os: 

Barrow,  Alaska 

15  Properties  of  the  snow  cover:  Barrow.  Alaska 

4'  Coastal  conditions  of  arctic  northern  Alaska. 

The  . .  Clmallc  -ha, inner, sllcs  i,.«~  ZSSmS^ 

o,  lire  Arctic  Coax, at  Plain.  Pol r  tbt.  «  “  £ 1^.  concentrated  ftdd  xtndiox  for  all 
avail*  Horn  ,1.0  Naval  Arctic  chapter  I.  however.  rivals  in  detail  win, 

four  chapters  of  Him  rcpotl  *«re  1  '  d  wesrward  lo  Cape  Thompsorr.  and  ..iclixles  n 

H|t!  Arclie  Coax, a.  Plain  *****  >*■  ^  « 

information  in  Chapter  4  was  compiled  from  maps  and  airphorox. 
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1.  RELIEF  CHARACTERISTICS  AND  VARIATIONS  DUE  TO  SNOtt.  BAR  ROM,  ALASKA 


by 

Haul  V.  Sellmauu 


Study  Area 

The  Barrow  area,  with  its  lack  of  trees,  its  low  vegetation  and  low  regional  relief,  appears  at 
first  to  be  almost  featureless.  Closer  inspectini,  however,  reveals  small  bnt  significant  local  relief. 
Terrain  features  include  all  stages  in  the  evolution  of  polygonal  ground  d.e.  low-center  through  high- 
center  polygons),  oriented  thaw  lakes,  natural  and  artificially  drained  thaw  lake  basins,  associated 
lake  shore  scarps  and  strands,  coastal  lagoons  and  cnihayiucnts,  relatively  small  streams  with 
associated  scarps  and  swales,  coastal  scarps,  and  coastal  gravel  Iteaelies.  For  eight  months  of  tin? 
year  the  ground  is  covered  with  snow,  which  greatly  sulrdiics  the  local  iclief. 

The  general  study  area  (Fig.  1)  is  loughly  triangular  and  covets  about  100  km1.  It  measures 
about  10  km  in  the  north-south  direction,  with  its  southern  boundary  at  about  latitude  71  In'. 
Coastlines  form  the  eastern  and  western  boundaries,  with  Klsou  Lagoon  (pait  of  the  Beaufort  Sea) 


Figure  l.  Study  area  near  Barrow.  Numbers  indicate  sites  where  profile  information  was 

obtained. 
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study  area  is  H>—  mttt  •  ,  nf  h.or.  qqq  and  l-meter  contour  intervals  aas 

owi  *»  r  ^  »  W* - * 

base,  and  coincides  with  the  gen-’  *  study  area  for  tills  report. 


Relief 

Based  on  a  .round  survey  conducted  ^g-«£ 
range  of  relief  common  to  the  area.  J,up  '  nt  ot  vertical  relief  associated  with  polygonal 

~.t  rsr^trss  :=—  «».  «*. » — -  - 

coastal  scarps  and  other  topographic  highs. 

»  P'Obbd  patterns  ate  me 

below  the  surface  in  perennially  «0"  ^  ‘  1||e  ^  a„n  ,l,c  polyiron  centers  are 

tliem  chances  throuirhoul  'heir  dl-velopn  '  '  ,  „,tcrorolief .  These  forms  are  known  as 

low  and  the  ridpes  snrroundinti  the  Iroitp  is  ...  centers  stand  above  the  tronphs 

low-cenlered  polypons.  A,  the  lime  ot  „wx.unnn  development,  the  center!^ hta 

and  ,he  features  are  —  * 

acOTlemtlnphiaw' m  m'e'notnlhs.  thereby  eausinp  ^^^j^g^g^jlpblg^fieqHeiicy 

xttjk  te=:r:^r,o,  i — -  - 

relief  associated  with  polygonal  ground  can  be  considered  in  two  categories. 

1.  Low  microrelief  polygonal  ground  in  areas  with  8Uch  as  stream 

2.  High  microrelief  polygonal  ground  associated  with  major  local  macroieiiet, 

and  lake  margins. 

Variations  in  microrelief  during  the  snow-free  period  were  measured  at  12  study  sites.  During 
the  time  of  maximum  snow  cover,  surface  geometry  data  were  acquired  in  the  same  study  a.e  . 
Several  additional  sites  were  selected  in  lake  and  stream  scarp  areas. 

prolnd.tose^'stereo'and  nerinl  hnnd'-held  photoprapliy.  De,hP wrnmr  study^ 

Lund  surface  profiles  were  determined  by  probing  along  the  surveyed  lines.  A  total  of  pro  H 
were  surveyed  at  the  study  sites  (Fig.  1).  The  information  from  these  sites  also  serve,  as  groun 
control  for  the  airphoto  interpretation  and  microrelief  mapping  study  discussed  in  the  following 

chapter. 

The  range  of  relief  in  the  two  categories  mentioned  earlier  is  illustrated  by  selected  profiles 
and  photos,  in  Figure  3.  profiles  1-3  represent  the  relief  in  category  1,  which  is  continuous  over 
a  larger  area  than  category  2.  Both  high-centered  and  low-centered  polygons  in  category  1  are 
shown  in  Figures  4  and  5.  Relief  in  this  category  varies  from  essentially  featureless  surfaces  to 
areas  of  high-centered  polygons  with  as  much  as  60  cm  of  relief  in  the  low  treugh  areas,  as 

illustrated  by  profiles  4  and  5. 
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The  higher  relief  common  to  category  2  is  illustrated  by  profiles  9  and  10,  made  across  the 
crest  of  a  lake  escarpment.  Since  this  microrelief  is  associated  with  larger  macrorelief  features, 
it  is  not  as  widespread  as  the  lelief  forms  in  category  1.  Reduction  in  vertical  relief  oi  the 
polygonal  patterns  away  from  the  larger  relief  features  is  noticeable,  as  can  be  seen  in  Figure  6. 
These  profiles  were  taken  parallel  to  and  progressively  inland  from  the  scarp  at  approximately  20- 
m  intervals.  This  pronounced  decrease  in  microrelief  away  from  the  larger  relief  features  can  also 
be  seen  in  the  airphoto  of  a  drained  lake  margin  east  of  Barrow. (Fig.  7).  Occasionally  pronounced 
polygonal  ground  microrelief  is  not  associated  with  major  relief  for  several  reasons:  1)  insufficient 
time  for  development,  2)  unsuitable  ground  ice  conditions,  and  3)  insufficient  surface  runoff. 

This  increase  in  microrelief  near  major  relief  features  is  also  apparent  in  profiles  6-8. 

For  vehicle  operations,  category  2  areas  should  contain  the  most  difficult  obstacles,  since  they 
combine  high  microrelief  and  high  macrorelief.  Statistics  concerning  this  can  be  found  in  Table  II 
(p.  27).  The  Hj  mapping  class,  defined  in  Chapter  2,  would  encompass  all  the  features  in  this 
category.  For  the  100-kmJ  Barrow  study  area  this  only  amounts  to  9.2%  of  the  area. 


Seasonal  Variations 

In  the  Barrow  area  snow  covers  the  ground  for  most  of  the  year.  The  amount  of  annual 
precipitation  in  the  form  of  snow  is  only  a  few  centimeters  blit  the  snow  cover  is  subjected  to  al¬ 
most  continual  drifting  and  transport  by  the  winds  (see  Fig.  22).  which  greatly  reduces  and  subdues 
the  effective  relief.  This  movement  causes  filling-in  of  depressions,  such  as  polygon  troughs,  and 
increases  accumulation  from  drifting  near  larger  macrorelief  features.  The  properties  of  the  snow 
cover  are  covered  in  Chapter  3. 

Snow  depths  over  this  irregular  terrain  range  greatly.  Topographic  highs  such  as  polygon  tops, 
particularly  at  escarpment  margins,  are  often  snow-free,  while  small  stream  channels  may  contain 
2  meters  or  more  of  snow.  Winter  profiles  7a  and  9a  illustrate  topographic  highs  with  minimal  snow 
cover.  In  contrast,  winter  profiles  4a  and  5a  illus'.rate  the  flat  snow  surface  over  two  contrast  ing 
subsnow  relief  conditions.  In  Figure  8  the  ground  is  essentially  flat  and  is  mantled  with  a  uniform 
snow  cover  of  approximately  45  cm.  In  contrast,  Figure  9  shows  a  trough  with  a  maximum  accumula¬ 
tion  of  approximately  70  cm,  thinning  to  near  zero  accumulation  on  the  adjacent  highs. 

Comparison  photos  from  the  study  site  provide  an  even  better  record  of  the  surface  conditions 
during  the  two  contrasting  seasons.  In  Figure  10  and  11,  high-centered  polygon  relief  is  reduced 
from  maximum  relief  of  a  meter  to  only  small  irregularities  in  the  snow  surface.  For  additional 
comparison,  profiles  at  site  6  can  be  compared,  Comparative  photos  (Fig.  12  and  13)  show  sub¬ 
stantial  masking  of  even  the  largest  relief  featiires.  The  drained  lake  escarpment  in  Figure  12  has 
more  than  2  meters  of  relief.  In  winter  the  steep  face  is  ramped,  witli  little  noticeable  relief. 

Similar  conditions  can  be  seen  in  Figure  13.  Winter  profiles  9a-lla  and  13a  also  show  the  seasonal 
change  in  relief  in  this  general  area.  Figure  14  and  profile  7  show  the  masking  of  a  prominent  drain¬ 
age  channel. 

The  average  and  range  of  the  accumulation  values  obtained  from  measnremuits  along  the  profiles 
show  several  trends.  Category  1  relief  features  (even  though  they  contain  a  wide  range  of  polygon 
types  and  surface  relief)  have  similar  average  snow  accumulation  despite  differing  ranges  in  accumula¬ 
tion. 


In  Category  2  naturally  the  high  relief  areas  such  as  the  scarps  have  the  highest  accumulation. 
The  flat  areas  adjacent,  Vo  ttie  high  relief  features  have  lower  accumulation  than  suiilar  relief  areas 
in  Category  1,  as  can  be  seen  in  profiles  7,  8,  9,  10,  and  13.  The  snow  depth  data  are  shown  in 
Table  1. 


relief  characteristics 
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Table  1.  Snow  accumulation  alone  profiles. 

Sampled  at  1-meter  intervals. 


Average 


Min  cover 


Max  cover 


Profile 


3 

9  (Scarp) 

9  (Flat) 

10  (Scarp) 

10  (Flat) 

11 
13 

4N 

4S 


figure  2  Airphoto  taken  In  the  Barrow  arc-  showlnfithc 
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plain.  A  little  apparent  relief.  B  lo*<cnteree  r* ,  * 

C  hi£h-ctnteted  polygons. 
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b  Summer 
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Figure  3  (Cant'd).  Selected  surface  relief  profiles 
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Reproduced  from 
best  available  co 


Figure  S.  Lower ‘centered  polygons  near  the  const.  High  water  covers  the 
low  areas,  leaving  the  ridges  adjacent  to  the  troughs  more  apparent. 
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North 


c  13 


Figure  6.  Profiles  taken  parallel  lo  and  progressively  Inland 
from  ;i  lake  scarp  at  approximately  20  meter  Intervals,  illus¬ 
trating  a  pronounced  decrease  in  relief. 


Figure  ?.  High  polygonal  relief  associated  with  the  margin  of  a  drained 

lake. 


12  TERRAIN  AND  COASTAL  CONDITIONS  ON  THE  ARCTIC  ALASKAN  COASTAL  PLAIN 


Figure  3.  Flat  snow  sutface  subduing  the  relief  of  a  deep  polygon  trough. 
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Figure  10.  Summer  view  of  high-centered  polygon  near  profile  fi. 


Figure  It.  Winter  view  at  same  location  as  Figure  10. 
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Reproduced  1'°^ 
best  satiable  copt_ 


Figure  12.  Drained  lake  escarpment  showing  ramped  winter  configuration. 
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Filin'  13.  Subduing  effect  of  snow  iilon «  another  bike  escarpment. 
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Figure  14.  Noticeable  relief  differences  associated  with  a  small  drainage 

channel. 
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2.  CLASSIFICATION,  MAPPING  AND  MEASUREMENT  OF  THE  DISTRIBUTION 
OF  MICRORELIEF  FROM  AIRPHOTO S:  BARROW,  ALASKA 

by 

Kevin  L.  Carey 


Introduction 

In  an  effort  to  establish  the  characteristics,  proportion  and  distribution  of  various  types  of 
microrelief,  the  Barrow  vicinity  has  been  mapped  by  stereoscopic  interpretation  of  aerial  photographs. 
This  mapping  effort  involved  the  development  of  a  microrelief  classification  scheme  which  was 
preceded  by  ground  study  of  the  terrain  features  during  the  summer  of  1970.  The  study  area  described 
in  Chapter  1  (Fig.  1)  coincides  with  most  of  the  mapped  area;  in  addition,  a  small  area  extending 
about  3  km  to  the  right  (east)  of  the  area  in  Figure  1  was  mapped. 


Ground  Study 

In  the  summer  of  1970,  two  weeks  were  spent  in  the  Barrow  area  examining  the  various  micro¬ 
relief  types  in  detail.  Ground  profiles  totaling  about  1300  meters  in  length  were  surveyed  in  several 
separate  locations.  These  profiles  are  discussed  in  Chapter  1.  The  profiles,  plus  about  100  km  of 
reconnaissance  travel  by  tracked  vehicle,  during  which  ground-based  stereo  photography  was  obtained, 
provided  information  that  contributed  to  the  development  of  a  microrelief  classification  scheme. 


Aerial  Photographs 

The  aerial  photographs  used  in  the  photointerpretation  of  microrelief  were  obtained  for  USA 
CRREL  in  July  1964.  The  photo  scale  is  1:9500,  so  that  each  9  x  9-in.  airphoto  represents  an  area 
on  the  ground  about  2.2  km  square.  The  photography  was  obtained  using  black  and  white  infrared 
film.  Due  to  the  high  absorptivity  of  solar  infrared  radiation  by  water,  open  water  surfaces  and  very 
wet  ground  appear  very  dark  on  prints  of  this  type,  compared  with  conventional  panchromatic  film. 

The  abundance  of  moisture  at  the  ground  surface  in  the  Barrow  area  or  any  tundra  region  provides  a 
great  deal  of  contrast  in  the  photographic  image.  This  contrast  may  be  useful  for  photointerpretive 
studies  considering  the  distribution  of  surface  moisture.  However,  for  the  present  stiriy,  the  high 
contrast  is  excessive  and  distracting,  and  tends  to  make  the  stereo  relief  less-easily  perceived. 
Nonetheless,  the  large  scale  of  this  photography  made  it  the  logical  choice  for  this  microrelief  study. 

Earlier  uses  for  this  photography  include  its  original  purpose,  the  preparation  of  the  1:25,000 
scale  Barrow  area  topographic  map  (3rown  and  Johnson  1966),  plus  various  research  studies  con¬ 
ducted  by  USA  CRREL  in  tin  Barrow  vicinity  in  recent  years. 
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Microrelief  Classification  System 

A  microrel  classification  scheme  was  desired  which  would  not  only  express  the  character¬ 
istics  of  the  ground  surface  and  the  height  or  relief  of  the  terrain  features,  but  also  provide  an  in¬ 
dication  of  the  spacing  of  the  microrelief  features.  As  a  result,  a  three-dimensional  microrelief 
classification  scheme  was  developed.  The  horizontal  dimension  desired  was  the  spacing  between 
polygonal  ground  troughs,  rather  than  an  expression  of  gross  ground  slopes  or  the  spacing  of  scarps. 

The  final  formulation  of  the  classification  system  had  to  await  preliminary  examination  of  the 
aerial  photographs.  This  examination  established  the  degree  of  correspondence  between  field- 
measured  relief  and  the  relief  that  could  tie  resolved  through  stereo  photointerpretation.  As  indi¬ 
cated  in  Chapter  1,  the  terrain  is  flat  in  a  gross  sense,  and  therefore  the  visual  stereo  model  is  a 
subtle  one. 

The  classification  system  is  expressed  by  mapping  classes,  which  represent  the  various  types 
of  ground  surface  configuration.  The  mapping  classes  are  expressed  in  two  ways.  1)  For  polygonal 
ground  with  distinct  microrelief,  each  napping  class  is  made  up  of  two  components,  a  terrain-relief 
class,  and  a  feature-spacing  class,  which  respectively  indicate  the  vertical  and  horizontal  dimen¬ 
sions  of  the  microrelief.  2)  For  ground  without  distinct  microrelief,  or  where  macrorelief  greatly 
overshadows  microrelief,  a  feature-spacing  classification  is  inapplicable,  and  therefore  the  napping 
class  has  only  one  component,  the  terrain-relief  clsss  alone. 

Terrain-relief  classes 

The  terrain-relief  classes  are  based  on  the  character  of  the  ground  surface  as  well  as  the 
amount  of  vertical  relief  found  in  the  field  and  recognizable  through  airphoto  interpretation.  They 
are  as  follows: 

High-center  polygons  covering  more  than  two-thirds  of  the  ground  surface: 

H,  =  0.1  to  0.5  m  microrelief 

H,  =  Greater  than  0.5  m  microrelief 

Low-center  polygons  covering  more  than  two-thirds  of  the  ground  surface 

L,  =  0.1  to  0.5  m  microrelief 

Lj  =  Greater  than  0,5  m  microrelief 

Transitional  polygons:  high-center  and  low-center  polygons  finely  dispersed,  each  teirain  type 
covering  between  one-third  and  two-thirds  of  the  ground  surface;  or  mature  low-center  polygons  with 
trough  depths  significantly  greater  than  center  depression  depths 

T,  =  0.1  to  0.5  m  microrelief 

T,  =  Greater  than  0,5  m  microrelief 

Featureless  ground :  microrelief  less  than  0.1  m,  generally  flat  togentl.v  sloping  ground  having 
3%  ground  slope  or  less. 

Fh  Characteristics  suggestive  of  high-center  polygons 

F|  =  Characteristics  suggestive  of  low-center  polygons 
F  -  Neither  high-center  nor  low-center  polygon  characteristics 
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Mapping  class** 
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Ihemselves. 

As  an  aid  in  vtsii.ili/.in«;  lie'  vaitou*  mapping  classes,  ideal ired  profile*  of  selected  mapping 
classes  ate  shown  lit  f-'lciit**  IS,  and  Ficwes  16*19  shir*  some  id  lie*  mappiug  classes  as  |dii4o> 
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ma[ipine  c  lassics  as  follow?* 
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Figure  IS  Idealised  profiles  of  selected  mapping  classes. 
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Atnlal  phrtopaph*  *»**»  arranp*d  *n  an  iwimhiUoIM  mmati  mi  a  \  8-ft  mounting  JhwiiI.  The 
amount  of  owtlap  in  Iho  ptx<  igtaphy  aUtmwl  i-m y  nth**  photo  toh»  icmovi‘1  «  iUmmiI  Iwh  i4  r mn- 
aco.  TV  photos  that  had  her*  removed  »r*e  used  ft*  sutemropir  examination  of  any  potnt  mi  the 
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DISTRIBUTION  OF  ItICROREUEF 


a.  emir'll  U'lfJi  I •>  a  ifr.Wnnf  hkr  hnoin. 
figure  20.  Exj»p/c*  of  mlcwllrl  m.i ppinf. 
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system, 

S.-1'H  l'.l  .■..ni-l'"'  tit  lip*  nwn«m:  .«*■  Mhhii  m  ,  VO.  1‘  -'.i  ■. 

ti,  . turn  mr  «>  il...  .-<-«•  I-  «  !*■'•  . . . 

an*  ai  USA  CKKKt. 


6.  The  large  map  null  marked  F,  It  a  drained  lake  batln  which  It  much  older  than  Central  Marah 

In  a. 

Figure  20  iCom'dK 


In  an  attempt  to  determine  quantitative  measures  which  would  characterize  the  various  types  of 
terrain  In  th«*  Barrow  area.  the  following  parameters  were  established  fr*  each  mapping  class. 

1.  Parentage  of  the  total  map  area  orcnpieJ  bv  the  sum  of  all  map  units  of  the  pamcular  mapping 
class, 

2.  Average  frequency  with  which  a  map  unit  of  the  mapping  class  is  encountered  along  a  random 
linear  pa'h. 

S.  Average  length  of  the  path  segment  over  a  map  unit  of  the  mapping  class. 
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c.  The  central  are*  in  a  ftublle  upland  compared  l o  the  drained  lake  banian  at  the  right,  left  and 

top. 


The  quantitative  parameters  were  demined  from  measurements  made  along  a  grid  ot  transects 
which  blanketed  the  mapping  area  on  a  second  acetate  overlay.  The  transects  totaled  145  k  in 
length  over  the  100-km1  study  area.  With  this  depee  oC  transect  coverage,  the  "length  percentage' 
of  transect  segments  over  map  units  of  a  given  mapping  class  is  an  excellent  approximation  of  the 
"area  percentage"  of  that  particular  mapping  class.  Moreover,  the  transect  procedure  permitted 
evaluation  of  the  frequency  of  encounters  and  the  average  path  segment  length  for  the  map  units  of 
the  various  mapping  classes.  Table  II  presents  these  data.  It  can  be  seen  that  high-center  poly¬ 
gonal  ground  is  the  largest  single  ground  type  (34S  of  the  area),  and  that  all  polygonal  ground  with 
microrelief  grader  than  0.1  m  accounts  for  nearly  two-thirds  of  the  total  mapping  area.  Polygonal 
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d.  Tributary  stream*  to  Elson  Lagoon  (low  northward,  beyond  the  top  of  the  photo. 

Etfpire  30  (Coat'd  h 

pound  In  the  mlcrorollef  range  of  0.1  to  0  5  m  is  much  more  common  than  Midi  pound  with  an 
average  mictcrellef  In  excess  of  0.5  m.  Water,  in  the  form  of  streams .  stream  mouths  (locallv 
termed  sloughs),  lakes  and  lacoons.  covers  only  7.2*T  of  the  mapped  area. 

Tfie  frequency  of  encounters  ranged  from  0.007  encounter  km  (l.e.  |  in  the  ||5  km  of  transects) 
to  0.965  encounter  km  (or  139  encounters  In  the  total  length  of  all  transects).  If  all  the  map  mills 
of  each  mapping  class  were  the  same  size,  the  encounter  frequencies  would  vary  duecth  with  the 
area  percentages  But  since  the  sixes  (as  well  as  the  shapes)  of  the  map  imlts  are  quite  variable 
such  a  correspondence  Is  no*  fotmd.  For  or.-implo.  compare  the  ||,/A  class  with  the  S  class.  Each 
covers  about  1~  of  the  tcral  area,  hut  a  map  unit  of  Sb  is  encountered  an  average  of  0.309  tins'  km. 
or  about  once  every  3  km.  while  a  map  imlt  of  li,  A  may  he  expected  to  bo  eoeountoted  only 
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0.055  time  km.  or  about  once  every  18  knt.  The  reason  for  this  difference  is  that  map  units  of 
H,/A.  though  less  numerous  than  map  units  of  Sb.  Iiave  much  greater  areal  dimensions,  as  indi¬ 
cated  by  the  average  path  segment  length  of  173  nt,  compared  to  an  average  of  33  ni  for  map  units 
ofS.,  ' 


Table  n.  Quantitative  numnary  of  mlcrorelief,  Barrow,  Alaska  vicinity. 


—  '  — ' 

Avenge 

Frequency 

oath  length 

of  encounters 

over  a  typical 

Microrehet  as  percentage  of  area 

(encounters ’km) 

map  unit  ( nt ) 

It,  A 

1.0% 

o.or>r> 

173 

It,  B 

8.7% 

0.708 

123 

It,  24.0% 

11,  C 

14.3% 

0.933 

138 

It  33.8% 

II,  0 

0.0% 

0.082 

79 

11,  A 

— 

- 

H,  B 

0.9% 

0.  ton 

89 

II,  9.2% 

11,/C 

«,9*: 

0.384 

1 18 

II,  I) 

1.4% 

0. 206 

66 

1.,  A 

4.1% 

0.282 

143 

1.,:  20.3% 

1.,  B 

12.4% 

0.377 

213 

1.,  C 

3.8% 

0.234 

164 

L;  130.0*: 

l,  n 

<.0. 1% 

0.007 

38 

I.,  A 

_ 

_ 

— 

l.ji  0.6% 

l./B 

0.f»% 

0.028 

190 

L/C 

0.1% 

0.007 

133 

L,/n 

- 

- 

- 

T/A 

0.7% 

0.048 

t.37 

t,  n 

3.3% 

0.371 

94 

T,  8.0% 

T,  C 

3.7% 

0.343 

107 

T  8.9% 

T,  l) 

0.1% 

0.028 

30 

T,  A 

M 

— 

' 

T,  B 

0.1% 

0.007 

132 

T,  0.9% 

T/C 

0.0% 

0.041 

134 

T,  I) 

0.2% 

0.014 

128 

Fb  1.4% 

0.4  26 

172 

Alt  F  134.0% 

F,  3.9% 

0.273 

216 

F  10.7% 

0.471 

223 

Ss  3.3% 

0.371 

93 

All  S:  ft.  2% 

S,  t.0% 

0.309 

33 

S  :  0.7% 

o 

0.206 

34 

Water  7.2% 

0. 26 1 

274 
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3.  PROPERTIES  OF  THE  SNOW  COVER:  BARROW,  ALASKA 

by 

Charles  Keeler 


Microrelief 


As  lias  amply  been  demonstrated,  the  seasonal  snow  cover  in  the  Barrow  area  effectively 
smooths  all  but  the  largest  natural  relief  features.  However,  there  is  a  microrelief  on  the  snow 
surface  itselt  which  is,  by  and  large,  independent  of  the  underlying  terrain.  This  microrelief  is 
generated  by  erosion  and  deposition  of  the  snow  by  wind.  It  may  consist  of  such  features  as 
harchanoids  (Fig.  21)  which  are  formed  by  erosion  at  a  windward  face  and  deposition  to  leeward. 
Other  features  such  as  sastrugi  (elongate  ridges),  dunes  and  pits  are  formed  by  wind  sculpturing  and 
snow  deposition  (Fig.  22).  In  general,  in  arctic  Alaska,  these 'features  remain  small  in  scale 
(less  than  0.20  in  in  height)  and  would  not  be  expected  to  impair  the  ride  characteristics  of  any 
SEV  of  the  SK-5  class  or  larger. 


A  potential  use  of  these  features  is  for  navigation  in  the  absence  of  other  aids.  These  features 
are  aligned  in  the  direction  of  the  prevailing  winds,  which  at  Barrow  have  a  strong  easterly  com¬ 
ponent  (see  Fig.  23).  Consequently,  the  direction  of  alignment  can  be  ustd  as  a  compass  needle. 
Naturally,  storm  winds  can  disturb  this  pattern. 


Mechanical  Properties 


In  general,  the  snow  surface  of  arctic  coastal  Alaska  presents  a  firm  bearing  surface  for  men 
on  foot  and  low  ground  pressure  tracked  vehicles.  Figure  2d  shows  the  track  left  by  an  M29C 

Weasel  (GVW  1100  kg.  track  pressure  15  x  10s  N  in*1.  The  surface  is  so  hard  in  some  areas  that 
the  grousers  do  not  even  register. 

As  a  measure  of  the  variability  of  surface  hardness,  a  traverse  of  Canadian  hardness  (an  index 
of  hardness  measured  with  a  hand-held,  circular  plate  penetrometer)  was  made  at  winter  profile  8a 
(Fig.  25).  The  values  are  spread  over  two  orders  of  magnitude;  however,  all  values  are  high  rela¬ 
tive  to  those  for  snow  in  the  continental  United  States.  The  cause  of  this  is.  of  course,  the  effect 
of  the  wind  continually  reworking  a  rather  sparse  snow  cover. 

Three  representative  vertical  sections  of  the  snow  cover  are  shown  in  Figure  26.  Pits  A  and 
B  show  the  common  succession  over  the  tundra  of  a  hard,  wind-packed  layer  overlying  a  coarse, 
granular  layer  with  little  to  no  cohesion.  This  layer,  referred  to  as  “depth  hoar,"  is  created  by 
the  mass  transport  of  water  vapor  along  the  temperature  gradient  (and  consequently  a  vapor  pressure 
gradient)  which  exists  between  the  ground  surface  and  the  atmosphere.  Pit  C  shows  a  somewhat 
dilteient  situation  in  which  a  deep  snow  cover  overlies  a  streambed  (Voth  Creek,  profile  7,  Fig.  3). 
In  this  case  the  water  in  the  creek,  before  fully  freezing,  indurated  the  lower  snow  layers,  making 
them  extremely  compact  and  coherent.  Benson  (1969)  describes  the  genesis  of  the  features  much 
more  fully  and  also  presents  profiles  further  inland  from  the  Barrow  area.  Profiles  over  sea  ice 
may  or  may  not  have  a  depth  hoar  layer,  depending  on  the  snow  thickness  and  exposure  to  wind 
action.  In  all  cases  the  lowest  surface  snow  density  exceeded  280  kg  m's. 
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Figure  21.  Barchanoids  formed  by  wind  erosion  of  the  snow  pack.  Prevailing 
wind  direction  indicated  by  arrow. 


Figure  22.  Wind  transport  of  snow  across  the  surface  creates  a  varied 
microrelief.  The  arrow  indicates  the  direction  of  movement.  Note  erosion 
by  undercutting  on  the  windward  side  of  the  microfeatures.(for  example  to 

the  left  of  the  pencil). 
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Figure  23.  Wind  direction  data  from  the  Burrow  urea. 
Wind  roses  show  the  percent  frequency  of  direction 
for  the  winter  months. 


Figure  24.  Vehicle  tracks  made  by  an  M29C  Weasel,  indicating  the 
limited  depth  of  track  penetration  in  the  hard,  high  density  snow.  Arrow 
indicates  prevailing  wind  direction. 


Depth,  m  ^  Conodian  Hordness,  N  m 
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PROFILE  8 


igure  25. 


Canadian  hardness  values  shown  above  the  winter  snow  surface 
profile  from  which  they  were  obtained. 


Pit  A 


Pit  B 


Pit  C 


Density,  kg  m'J  Density,  kg  m**  Density,  kg  m'5 

260  300  340  240  2B0  320  360  400  320  360  400  440 


Depth  hoar,  poor  cohesion 


Iced,  cemented  crysto 


Is 


Figure  26.  Snow  stratigraphy  data  from  the  Barrow  study  area  (early  April). 
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4.  COASTAL  CONDITIONS  OF  ARCTIC  NORTHERN  ALASKA 


hy 

Allan  0.  Hartwnll 


Introduction 

This  chapter  slit . . rims*  aencral  coastal  p..»c»»cs  ami  toirum  rcal»c  .<  kl 

of  coastline  .low  the  la.ee  Pan  el  '.‘■"l"-'  «»*»  «*"<•«  «*  ”  'o',. '3m « 

1951).  Tills  rsllf.lv  was  l.alertak. . I  enhw  »  .Main  ,|lia.,..lame  ,1.1a  ...  he  . «*«>  •»>  “ 

of  a,  He  Alaska  «  use  i„  r.shm, topical  .level,. . C  sail. . «■-'  V'‘"  ’ f1',,"  n  £ 

S  arc, if  ope, alio,,.  This  eoas,.  . . ...»  tr.»  Cap-  Th 

ami  Beaiifor,  Seas  10  the  U.S.-C.,l,a,lia„  l««Her  near  Ileus, real,,.,  Ba>  II  k.  -  >■ 
phvsiosraphic  provinces;  rl,„  Areile  Fra,  Ihllls  „,„1  Ihe  Arelle  C.s.slal  1  lain  II  a*  I,  • 

L,=. ,„w  jqr.u  W  ihrhaltiu  1965).  Tin-  foothills  to  Jim  sontli.  whic  h  an*  puloiii.  a»>  “»»>• ,wN' 

. . .  «*«  •"*«*• n'"  rritr^^r 

vonnirer.  win,  lower  relief.  a,„l  Has  I . for . .  |.„,s,„lv  "*  »"  N 

The  eoas,  o,  this*  . . .  area  a  aeaerallv  nano*  ■■»,„•«, ™ 

sea.  railkhm  fro,,,  . . .  ncarlv  «— . -  .1W»  will,  «,,»■,  ■  -11.  *>. 

penile  slopih,.  Olhe,  eoas, al  . . .  *■  "I* 

islamls.  spils.  tones  rive, , lei, as.  ...p  **„,.  „ 

shape  this  coast  are  aho.it  .he  same  from  plan  «  l »  »  ;  ‘ ^  ,M  windows.“  Thev 

permit  inland  access  to  surface  transpoita.ion  such  as  Uv MAh  «c  cam 
oc  c  ur  where  streams,  rivers  and  lakes  have  I . „  intersec  ted  In  Uh  m  a. 

This  coastal  environment  has  several . >  —  ft.  np 

. 

ZZZ  ,„  lea . .•  . . .  sea  - 

and  marked  annual  retreat  of  shorelines. 


Methods  of  Study 

This  repor,  is  . . to . .  - . . . -  SE 

field  sii.dies  in  ,h„  Uanow  are,,.  A  l„e„„„re  *,.*■•>•  was  ml, «»»  '»  *  ^ 

lion  peninen,  10  Ihe  eoaslal  pt, -esses  am  morp  ,0  -Is  .,,,,1  coastal  Ivpos  a,„l  to  aetptire 

%Z  . ».«.  . . - . . 
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Lineal  r-’asureraeurs  of  tm«ttc  features  »w  made  (run  maps  using  a  wdieel-type  nap  measwing 
device,  with  a  piecision  of  altour  0,5*  fit  seal ly  straight  roast  Hues.  and  about  4.0T-  f«  my 
irregular  coastlines,  Brcatw  of  the  anticipated  site  of  the  proposed  SKV's,  coastal  relief  or  sea 
cliff  height  along  the  coast  was  cm  muled  in  t  lie  following  height  eategtale*  0-1,  t-2,  2-3,  3-4. 

1-5.  5-8  and  N  8  to.  Vertical  aerial  photographs  taken  In  1955  (wale  about  I  50,000)  wvte  used  to 
confirm  the  configuration  of  the  coast  lire*  at  a  number  of  selected  1<*  alums  hwwcvtr* ,  these  esti¬ 
mates  of  coastal  relief  are  believed  acewate  only  to  within  alnsit  one  n*ri«i  due  to  the  gmeially 
low,  flat  cluractet  of  the  coast  and  the  paucity  of  spot  elevations  m  coastal  ateas.  In  high  relief 
areas  the  25-foot  contour  interval  on  the  maps  was  also  utilized.  In  view  of  the  objective*  of  this 
study,  these  levels  of  reliability  wete  considered  adequate, 

Field  studies  were  undertaken  in  the  Bartow  study  atea  descti)*ed  in  Chapter  I.  During  the 
winter  Investigations  (March  1971)  proftles  were  wade  at  12  sites  which  included  beaches,  sea  cliff* 
and  cslnary  hanks.  The  profiles  were  used  ft(  the  same  purpose  as  those  acquired  for  the  relief 
study  in  Chapter  1  to  determine  the  morphology  of  coastal  tealiites  and  to  determine  vuilaiKSts  in 
relief  caused  In-  the  seasonal  snowpat  k. 

Coastal  Processes 

The  coastal  cnvironnsf  at  of  the  Chukehl  ami  Beaufort  Seas  Is  unique  in  many  ways.  The  basic 
processes  of  sediment  iranspott  ami  deposition  are  controlled  primarily  by  waves  and  currents:  How- 
cm.  the  effectiveness  of  these  processes  is  severely  limited  dialog  lire  long  wintet  season  (aiwul 
eight  wraiths)  when  the  coast  is  frozen  fast  with  pack  Ice.  Hie  tie  iiself  is  responsible  fra  several 
unique  processes  of  coastal  modification  scouring  of  the  near-sluse  sea  floor,  Ice  push,  and  railing 
of  sislioH-nls.  Hie  outstanding  unique  feature  of  Ihis  roast  is  lire  prevalence  of  |s«ieimially  frozen 
pound  or  permafrosl.  The  ire-bonded  sediments  are  very  susceptible  in  erosion,  ami  retreat  of 
escarpments  as  much  as  10  m  a  year  is  not  uncommon  (l-ewollen  1970).  However,  dining  stUMwet 
months  surface  rhaw  of  ihe  permafrost  can  nuke  the  escarpments  imsiable,  and  slumping  frequently 
occurs.  Wave  and  current  action  at  the  base  of  sea  cliffs  may  destroy  the  ice  Itondlng  lit  the  perma¬ 
frost  and  form  a  "thermo-etostonal  nlclie”  or  thermal  umhu  cut  ring  id  the  hlnlf  face.  These  processes 
acting  in  Ice-indurated  material  can  form  unique  morphologic  features  sirh  a  steep  sea  cliffs,  lilted 
blocks  of  slumped  tundra,  and  windows. 

bi  leu 

Fltst-year  Ice  is  found  ad),’ rent  to  the  coast  all  along  lh"  Chukchi  and  Beaufort  This 

ice.  which  attains  a  thickness  of  about  1.5  m  eluting  the  winter,  appears  to  Is*  protective  rather  Hun 
destructive.  Commenting  In  laic  fall.  Ihe  ice  freezes  fast  to  the  beach  ami  sea  Hr**  alimgthe  coast, 
and  In  bays  and  lagoons,  for  a  distance  of  several  lists  of  rwlct*  nffslitwe  (Fig.  2K>  and  remains 
there  for  about  eight  months  of  the  year.  (The  ailual  dates  of  fiee/.e-np  and  iseakup  are  summarized 
In  Table  HI.)  During  this  peiiod  the  Ice  is  firmly  frozen  to  llie  shore  and  no  wave  is  cmtcni  aclitm 
is  possible.  Tims,  near-shore  erosion,  sediment  transport  andcoasial  modtf’railiai  are  essentially 
hailed  imlll  spring. 

Shearing  may  occur  offshore  between  the  fast  lci’3tid  the  flo.it  mg  fee  to  produce  larg>’  pressure 
ridges  and  Jumbled  rubble  fields,  Offshore  of  Point  Harrow,  fuck  Ice  (cams  a  majra  pressure  ridge 
nine  veals  out  of  ten  (MacGlnltle  1955)  and  pounds  on  the  sea  Hois  Iwtwis-n  dejshs  of  IK  ami  30  m 
From  shore  io  a  depth  of  over  30  m.  the  sea  finis  Is  nibbed  and  gouged  by  the  deep  keel*  of  pressure 
ridges  which  extend  beneath  ihe  floating  sea  ice.  causing  considerable  altetatton  of  submarine 
iopopaphy  (Carsola  1951.  MacClnllle  1955.  Uex  1955).  Ice  which  is  pounded  near  sh«e  is  usually 
uplifted  and  contains  considerable  sediment  (Fig.  29). 
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Figure  2A.  Winter  view  of  the  Chukchi  Sea  thawing  maw-coveted  Horen 
beach  near  Harrow  and  near-shore  rone  with  large  Ice  blocks.  Note  Eski¬ 
mos  with  sled  for  scale. 


Figure  29.  Grounded  sea  Ire  which  has  been  uplifted.  Note  sediments 

trapped  In  Ice. 
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TaM«  10.  DaUs  of  In  kraakap  uf  frocao-op  at  idkuf 
>ocal toot  aloag  (ho  rather*  Alaakaa  eoaat.* 
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'Dili  from  I'.S  Department  Canmerre,  Coast  and  Geodetic  Starry,  United  Slates  C«iM  Pilot  No.  0. 
1961  Dates  for  Baiter  Island  not  available 


FtRurv  30.  Icr-pii'-h  ridge*  about  I  m  high  al  Barron. 


During  the  breakup  period.  Il*t*  sh«*ir  of  fast  lee  tends  to  protect  tin’  beach  and  shtbellne  from 
possible  disturbances  by  the  ter  floes,  When  the  park  Ire  is  moved  sttotiglv  toward  the*  land  by 
eurrents  and  wind  action,  tt  may  override  this  protective  twit  of  fast  Ire.  bid  only  lately  Impinges 
against  artiul  beach  matctlal.  As  this  belt  thaws,  the  sea  tee  nay  be  dilven  ashore  to  modify 
shorelines  locally  and  produce  push  ridges  up  to  several  meters  high  (Pig.  30).  Major  tee  shoves, 
which  occur  In  the  vicinity  of  Point  Barrow  at  least  once  rn  every  four  oi  five  years,  may  build  up 
the  beach,  bringing  ronsldetable  tpiantlties  of  sand  and  gravel  landwatd  when*  It  Is  deposited  on  the 
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tvarli  when  the  ii'f  melts  (MirCafthy  19a3).  At  many  location*  tin*  faM  i.  «•  awl  drifted  snow  also 
((*m  a  tu*  at  tin*  luse  of  coastal  sea  cliffs  which  Is  Kiaiwsl  well  into  lit**  thaw  season.  pron-ctinjl 
Us*  Isych  and  lower  slope  horn  wave*,  current*  and  permafrost  thawiNC. 

After  Iweakup  the  coucennatinri  of  lit*  III  coastal  wants  depuids  mostly  ui  wind  directum. 
OfTsliue  winds  lend  lo  hold  the  lee  away  (tun  shore,  whereas  landward  winds  <  airy  it  tn.  Neat 
Point  Harrow,  easterly  and  southerly  wind*  tend  to  hold  the  main  toe  'nek  rdfshue,  wlierea*  tin* 
nutlierlv  and  westerly  winds  -ace  the  tee  onshue.  However,  near-sb  <*  In*  fits**  and iHounded 
tee  may  In*  present  even  when  tie*  k  tee  tottcaiw.  Mwiiir  eastward  from  Point  llop<*.  Hh* 
aniodmi  ii  op**n  rater  f*oraesstvely  deereases  while  tin*  influence  of  pack  ice  Iw  leases.  At  Point 
Harrow  the  tee  pack  usually  retreats  from  shue  in  mid-July  and  returns  In  late  Octutim  (sis*  Table 
llll.  On  a  few  occastwis  then*  lu*  heen  as  much  as  320  km  of  open  «imii  off  Hattow  (Hume  awl 
Sclialk  1967)  and  In  sons*  years  the  pack  ice  lus  remained  against  th<*  shue  fu  Us*  enilte  summit 
(Hex  1961).  Safe  slop  movement  in  these  wants  requites  many  years  of  experience  tn  navigating 
t  hr  ut|(li  ice,  and  often  terpHtes  tin*  supput  of  vecormatssaws*  a  it  craft. 


In  general  ,),.*  si/.e  of  waves  is  .unrolled  by  wind  velocity  and  fetch  (atws.nl  of  ope..  wot. . 

Hut  the  wind  can  blow  across).  Ihwause  ( i  the  pack  Ice.  wave  actum  alum  this  c«us.  is  much  re¬ 
duced  in  comparison  wtfl.  mue  suHlstt,  krtitwles.  Tin-  floating  He.  whirl,  is  present  even  during 
the  w.imst  months,  helps  to  protect  Hh*  >**ar|i(**  (tun  direct  wars*  acttui  and  has  a  sttum  inhibiting 
Hfivt  on  wax**  development.  Tin*  waves  -spend  a  large  |«o|H*tiui  of  then  ere-igy  ui  He-  final inv 
ice  offs  hue  and  ale  grcatlv  ledneed  befue  reaching  Hi"  Is-ache*.  Kveit  when  no  Hailing  ice  is 
visible  (run  the  s|H*e.  Hh*  edge  of  the  polar  pack  may  U*  only  a  lew  kiluis-nts  ts-yimd  the  hut/ui. 
allowtim  a  relatively  small  fetch  of  open  want  fu  wave  development.  At  Point  Haitow  these  f.u  tus 
tend  to  muilmt/e  effective  wave  -ciloti  and  uily  several  limes  a  sunwH-t  I-*  wave  development 
sufficient  to  pt uluce  much  active  surf  (MacCartliy  I9'»3). 

Since  Hh*  legtut  is  clubtnalorl  by  Hh*  polai  hMrb-Hessue  system.  Hh*  prevailing  wind  1*  nutlmast 
ft*  eveiv  tnonUi  of  the  yvnt  (Sfeltht  19’C!).  Tin*  most  seven*  wave  cuidttims  unit  d««HW  tapnllv 
moving  slums.  pcovid<*d  icc*  conditluis  pitmtt  an  appreclatde  feish  acios*  o|»*n  »aict.  'H"*  l-»tu**»*r 
waws  ever  recuded  offshue  of  Hits  coast  wete  meant  than  9  m  tla*wv|hti  1969).  N*-ai  Point 
Batiow  waves  of  6-n  height  were  ot>*eivcd  (lining  a  stum  tn  lute  August  l«**|  (Catsola  I9>2)  and 
waves  3  m  hm.li  occutnsl  .lining  the  greatest  stum  of  recud.  30  October  1963  (Hum.*  and  Sclialk 
1967).  However,  such  waves  nav  Is*  quickly  eliminated  when  Hh*  puck  ice  is  blown  onsliuc.  A 
talmlattui  of  sea  ln*«ht  versus  dtieetlon  fu  Hh*  vicinity  of  Point  Hallow  shows  that  alsmt  90^  of 
tls*  time  sea  h-lglil  Is  less  than  1  m.  and  Hut  He*  dominant  winds  are  Horn  tie*  nrtllieasl  tlabh  W  ). 

Waves  an*  also  paittallv  tespuislbb*  fu  the  funwinm  of  "kalmoo*-  u  Ice  aisl  taavel  rampatts. 
a  unique  feature  of  many  antic  beaches  (Moue  and  Scholl  1961).  This  featme  which  is  especially 
common  ui  Is-aches  neai  Cape  Thompson.  begum  lo  fum  in  mid-OnotsT  *1h-ii  all  ten.pet.nues  f.«U 
Mow  fieeglng.  Hecanse  sea  tee  has  not  yet  slatted  to  fum.  waves  cuittnw*  to  Ueak  out  he  Is-ach 
fu-e/tug  and  leaving  a  thb.  layer  of  tee.  From,  spray  fnnpH-ntly  coats  .he  bead,  will,  a  Rla/e  Hut 
mav  extend  mue  than  -T‘.  m  inland  iRex  1961).  Crad.ulH  a  bed  id  no*  up  to  1  ■»  u.  thick,  commu.lv 
intcits<dded  with  sediment*,  ts  twill  up  u.  the  Is-ach.  Tl  «•  upper  surface  becomes  very  flat  and 
cmttnutm:  wave  art  ton  only  affects  tin-  testsiant  outer  far*.*  of  He*  katnusi.  nuiktng  Hh-  end  (d 

effective  wave  aeljon  on  the  l*wh  fu  the  seasui  Occasionally.  a  heavy  fall  stum  may  . . 

the  katmoohut  the  neat -shue  sea  Ice  sou.  fums  and  surf  activity  ts  te.mtmit.sl  fulhe  yea.  lM.s*e 

1966). 
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Cnnli 

Tin*  current*  along  . . oast  an-  generally  weak  due  to  the  dominance  of  pack  tec.  limited 

wave  action,  am!  small  tidal  laniic.  Three  main  currents  arc  present  lire  Northern  Alaska  Llttrcal 
Current  which  flows  along  the  Chukchi  Sea  from  the  southwest.  a  lincshuc  current  from  Cape 
Simpson  eastward  into  Canadian  want*,  and  the  Pacific  Gvtal  of  the  Arctic  Ocean  which  meets  the 
coast  near  Point  Barrow,  nearing  a  weak  longshore  cuttrtit  from  (lie  southeast  (Fig.  31).  These 
currents  are  genet  ally  weak  (less  than  1.9  km  hr  or  I  knot),  lull  west  of  Point  Bartow  veloctile*  up 
to  5.5-7. 4  km  'hr  or  3-4  knots  have  been  measured  (Lowe  lieu  1969). 

TIAm 

Tlte  astronomical  tides  along  the  coast  are  weak  and  somewhat  intprishelahte  (Fig.  31).  At 
Point  Barrow  the  tide  is  only  altnut  15  cm  (Fig.  32).  ranging  from  7.6  cm  during  neap  tide  lo  15.2 
cm  during  spring  tide  (Don  Schell  1971 .  personal  communication).  Tidal  conditions  are  alioul  the 
same  west  of  Point  Barrow,  but  l»*come  less  predictable  to  the  east  (Fig.  31).  NVar  llerscltel 
Island  in  Canada  the  tides  are  altour  61  cm  (Low-cllcn  1969). 

In  addition  torhe.se  astronomical  variations,  storms  cause  longer  per  loti  changes  in  sea  level  of 
up  to  1  m.  This  storm  surge  or  storm  tide  is  the  result  of  two  factors  a  rise  m  sea  level  under  an 
atmospheric  low-pressure  area,  and  a  rise  in  w*a  level  caused  bv  wind  blowing  onshore  (Ihime  and 
Schalk  l%7).  for  example,  at  Barrow  Village  winds  fiomthe  wvst  blow  water  against  the  coast  and 
raise  the  sea  level,  whereas  winds  from  the  east  tend  to  lower  the  sea  level.  Under  c  ertain  condi¬ 
tions  of  Ice  Ueakup  surging  oscillations  In  sea  level  have  been  observes!,  apparently  dis»  to  the 
impinging  of  a  strong  current  on  the  shore-fast  ice  (Rex  1961). 

The  largest  sea-level  fluctuations  are  storm  surges  which  occur  during  the  polar  storms  iu  the 
fall.  On  30  Octo»>et  1963,  the  greatest  storm  on  record  attacked  the  const  with  winds  up  to  88,5 
kmdtr  (.Vi  mph)  and  gusts  up  to  120  km  Tit  (75  mph)  which  blew  over  an  ico-free  ocean  (fetch  about 
100  km).  Waves  estimated  at  3  m.  combined  with  a  storm  surge  of  about  3.6  m.  caused  coastal 
flooding  and  over  *3.3  million  damage  at  Barrow  (Uimte  and  Schalk  1967).  Tin*  area  of  strongest 
attark  was  between  WalnwTlgbl  and  Point  Barrow,  with  decreasing  effects  ,n  both  duecilons  ftom 
this  zone.  Ftom  Point  Bartow  eastward  lo  Cape  Simpson  the  offshtwe  tartlet  Islands  were 


Figure  31.  Currents  and  ides  along  the  coast  ot  northern  Alaska. 
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Figure  32.  Tidal  record  from  Elson  Lagoon  near 
Point  Harrow  30  July  lo  4  August  1005  (Itom 
L ewellen  1 90 51. 


drasth  .illy  altered  l»y  etosiort  and 
Near  C  pe  Simpson,  sea  level  tone  about 
2.4  w  Lut  lift  1**  damage  oecnrt«*d  because  sea 
ice  in  the  area  had  d;ntipern*d  lli«*  waves.  The 
siotm  surge  decteased  fnrtlct  to  thi*  east  with 
the  greatest  beach  changes  nuti*d  along  western 
exposures.  Tin’  hiorm  surge  at  I  tort  or  Island 
was  about  1.7  hi.  Beyond  Wainwtight  to  tin* 
southwest  a  surge  of  alionl  2.7  m  occurred 
hoar  Point  I-av,  The  magnitude  of  tliis  storm 
suggests  that  it  was  a  "iwo  hundred  year  storm" 
for  tin*  area  fllnni*'  ami  Schalk  1967).  Other 
recent  stiHtn  tides  at  Barrow  were  2.7  in 
(October  1964)  and  1.2  hi  (6-7  October  19.V5; 

Sclia  Ik  1963). 

SedlBcatatioa 


Sediment  transport  and  ilcposition  along 
the  coast  ar«'  primarily  due  to  waves,  nit  reins 
and  sea  tee.  In  late  sprint;  after  iho  pack  ice 
has  1  xokoii  up  along  the  shore,  waves  and  currents  liegin  to  rework  the  coastal  material  and  trans¬ 
port  tt  in  two  primary  dtiecttotis  normal  to  the  shoreline  and  along  tin*  shore.  Near  Cape  Thompson, 
studies  over  several  seasons  revealed  tliat  the  former  direction  is  more  important  in  terms  or  the 
volume  or  material  transported  (millions  of  kilograms  during  a  single  siorm)  hut  that  sediments 
carried  offshore  are  soon  returned  to  the  1  teach  in  response  to  changing  suit"  conditions  (Moore 
1966).  Thus  tn  this  area,  offshore  and  onshore  movements  tend  to  balance  each  other  durum  the 
year,  causing  little  permanent  alteration  to  the  position  of  the  shoreline.  Portlier  northeast  along 
the  coastal  plain,  the  coast  is  slowly  retreating  landward  due  to  wave  attack  and  tlieimal  erosion. 
Longshore  transport,  which  is  caused  by  wave  attack  at  an  ancle,  with  some  assistance  from  weak 
longshore  ciurents  (Moore  and  Scholl  1961).  carries  material  alone  the  shore  and  has  Inuli  lieachcs, 
spns.  harrier  islands  and  offshore  siibmartue  bars  alone  mmii  of  the  coast.  In  addition,  sea  ice 
can  tiring  considerable  i|uantitlos  of  sediment  ashore,  either  by  ice  push  alone  the  sea  floor  or 
throueh  sediment  lielne  frozen  uitoihe  ice.  rafted  onshore  and  released  diitine  mcltine. 


The  I icaches  alone  the  coast  are  unite  variable,  lareely  due  to  differences  m  quantity  of  sedi¬ 
ment  supply,  litholoey  of  sonre**  material,  and  dominaui  coastal  processes.  In  eeneral,  tin*  beaches 
are  narrow,  steep  and  co.u so -er aim'd  and  commonly  abut  ihe  mainland  at  the  base  of  sea  cliffs. 
Beaches  in  tin*  vicinity  or  Point  Bartow  which  are  similar  to  those  alone  much  of  this  coast  are  or 
two  types.  Where  sea  cliffs  are  high,  such  as  a  few  kilometers  southwest  of  the  point,  lieachcs  arc 
narrow  with  a  well-developed  foreshore.  Here  a  hackshorc  develops  only  where  the  beach  trun¬ 
cates  the  mouths  of  estuaries.  Waves  reach  the  base  of  the  cliffs  only  dntiug  severe  storms.  In 
contrast  lieachcs  on  the  Point  Barrow  spit  have  a  moderately  steep  foreshore  ami  a  gently  sloping 
hackshorc  which  leaches  lo  Klson  Lagoon.  The  underwater  portion  of  the  liacksbore  is  steep  and 
the  beach  sands  and  gravels  form  a  sharp  contact  with  the  grey  mud  on  the  lagoon  Iwttom.  Beach 
sediments  in  the  Point  Barrow  area  aic  coarse-grained  with  coarse  and  medium  gravel  hi  the  surf 
zone  that  grades  into  fine  gravel  and  sand  on  the  foreshore  of  the  beach.  (Sample  means  of  fore¬ 
shore  material  1.0  to  2.6  mm  and  standard  deviation  alionl  1.0;  Rex  1964.)  Backshore  areas  usually 
consist  of  laminated  sand  and  fine  gravel.  Under  favotab!<*  wind  conditions  convex  ridges  of  coarse 
sand  and  fine  gravel  may  develop  on  the  foreshore.  In  the  Point  Bartow  area,  beach  gravels  ate 
generality  hard  and  alirnsive  with  lithologies  dominated  by  chert „  quartz,  sandstone  and  limestone 
(Rex  1961.  Moor**  1966). 
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Figure  33.  Vertical  aerial  view’ of  Cooper  Island  near  Cape  Simpson  showing  how  sea  ice  is 

held  offshore  hy  the  harrier  islands. 


In  the  west  at  Point  Hope,  the  coastal  sediments  have  been  deposited  as  a  complex  pointed 
projection  of  spits  and  harrier  islands  called  a  cuspate  foreland  (Shepard  1%:?).  Further  east  the 
sediments  have  formed  natrow  spits  that  extend  out  parallel  to  the  coast,  shallow  offshore  hats, 
and  nearly  continuous  harrier  islands,  giving  the  coast  a  smooth  shoreline  with  shallow  inland 
lagoons  and  river  deltas  (see  Fig.  Id  and  47).  These  islands  have  very  low  relief  (0  to  2  m)  but 
form  an  effective  obstacle  to  offshore  pack  ice  and  the  direct  effects  of  the  open  ocean.  At  the 
same  time  they  keep  large  portions  of  the  landward  lagoons  clear  of  ice  and  provide  open  water 
where  waves  can  form  and  attack  the  coast  (Fig,  153), 

The  1963  storm  which  attacked  the  coast  demonstrated  the  unsteady  rate  at  which  sediment 
transport  and  other  geologic  processes  operate  over  short  time  spans,  At  Point  Barrow  this  storm 
moved  more  sediment  in  a  few  hours  than  would  normally  he  transported  in  20  years  (about  152,920 
til’;  Hiime  and  Selialk  1967).  Tints,  the  shoreline  is  changing  constantly  but  one  sudden  storm  can 
cause  tens  of  meters  of  erosion  and  deposit  sediments  many  kilometers  away  from  their  original 
location. 

Erosion 

Along  most  of  the  coastal  plain  the  cliffs  are  retreating  rapidly,  even  where  sheltered  from 
direct  wave  action,  and  losses  of  tip  to  10  in  year  have  been  recorded  (Lewelleu  1970),  Cliff 
erosion  occurs  primarily  due  to  thawing  of  permafrost  and  physical  attack  hy  waves  and  currents. 
During  the  summer  months  the  surface  of  permafrost  thaws,  making  the  ice-bonded  materials  un¬ 
stable  and  highly  susceptible  to  slumping.  Along  the  base  of  the  sea  cliff  and  inland  along  the 
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Figure  34.  Closeup  view  of  a  thermo-erosional  niche  near  Barrow  (from 
Lewellen  1905).  Scale  in  centimeters. 


bunks  of  estuaries  and  rivers,  water  can  thermally  undercut  the  permafrost,  forming  a  thermo* 
erosional  niche”  (Walker  and  Arnborg  1963).  These  niches  can  form  rapidly  and  may  extend  several 
meters  under  the  trank  (Fig,  31).  This  niching  makes  the  overhanging  bank  unstable  and  it  can 
collapse  easily,  especially  where  ice  wedges  are  intersected  (Lewellen  1965).  Thawing  along  the 
ice  wedges  which  underlie  the  troughs  of  polygonal  ground  features  frequently  causes  the  cliff  to 
slump  as  large  tundra  blocks  (Fig.  35,  36).  At  many  locations  raicrorelief  along  the  margins  of 
polygons  is  accentuated  by  erosion  in  the  polygonal  troughs  at  the  edge  of  the  main  sea  clitfs  (see 
Fig.  40).  Frequently  vegetation  hangs  together  as  a  thin  mat  draped  over  the  edge  of  the  cliff 
(Fig.  37). 

Temporary  protection  from  coastal  retreat  is  provided  by  material  which  accumulates  at  the  base 
of  the  main  coastal  slope.  In  the  summer  slumped  soil  and  tundra  vegetation  material  protect  the 
slope  from  direct  wave  attack  (Fig.  38).  The  ramp  of  snow  and  ice  which  forms  along  the  sea  cliffs 
during  the  winter  (Fig.  39)  tends  to  insulate  the  slope  from  thermal  erosion  well  into  the  summer 
melt  season  (Fig.  40).  Large  ramps  which  usually  develop  along  higher  sea  cliff  s  are  retained 
later  than  small  ones.  In  general  the  areas  of  low  cliffs  have  less  protection  than  those  with  higher 
cliffs  (relief  greater  than  about  5  m)  and  seem  to  be  retreating  more  rapidly.  The  net  effect  of 
continual  cliff  retreat  is  to  form  smooth,  straight  or  gently  curved  coasts  with  narrow  beaches  above 
which  gullies  are  left  hanging  on  the  steep  cliff  faces  as  they  retreat  (Fig.  40,  44). 

Bathymetry 

West  of  Point  Barrow  the  continental  shelf  is  broad  and  shallow  (averaging  about  42  m  in  depth) 
and  the  11-m  (6-fathom)  bottom  contour  is  very  close  to  shore  (5  to  8  km;  Fig.  31).  East  of  Point 
Barrow  the  11-m  contour  is  further  offstiore  (about  15  to  32  km)  but  shortly  beyond  (about  70  to 
100  km  offshore)  there  is  a  very  sharp  break  in  slope  from  the  continental  shelf  into  the  oceanic 
deep  of  the  Arctic  Basin. 
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Figure  36.  Aerial  view  showing  slumping  ol  tundra  blocks  along  the  coast 

near  Drew  Point. 
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Figure  37.  Steep  erosion ul  scnrp  near  Cape  Simpson.  Note  druped  vegetu 
tion  mats  and  massive  appear  mice  of  permafrost. 


Figure  38.  Cioseup  view  of  same  scarp  as  Figure  35.  Note  slumped  mate¬ 
rial  at  base  of  slope. 
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Figure  31).  View  of  snow  rump  ut  profile  23.  Weasel  is  parked  on  the  snow 

covered  beach. 
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Coastal  Classification 


In  order  to  meaningfully  describe  the  terrain  conditions  of  the  northern  Alaskan  coast  and 
develop  a  classification  scheme  for  relief  features  that  would  lie  useful  to  the  purposes  of  this 
report  it  was  first  deemed  necessary  to  evolve  a  genetic  classification  of  coastal  types  based  on 
an  understanding  of  the  dominant  geologic  processes  acting  on  this  environment.  Font  main  types 
ot  coast  are  recognized  (after  Shepard  1%.“?): 

tprr •  P,"Ty  TStS  '  C0nflt;ura,i0n  due  t0  ,htt  st*a  t  rest  against  a  lanilforn.  shap.nl  hv 

terrestrial  rather  than  marine  agencies. 


a.  Land  erosion  coasts  -  shaped  by  subaerial  erosion  and  partly  drowned  hv  rise  in  sea 
evel;  characterized  by  a  nearly  straight  shoreline  with  steep,  sheer  sea  cliffs  and  bluffs  formed  in 
bedrock  (Fig.  41);  the  cliffs  are  in  a  general  erosional state  but  at  some  locations  arc  fronted  bv 
near-shore  sedimentary  deposits  (barriers)  which  provide  some  protection  from  the  open  ocean;  belief 
is  high  to  very  high  (about  10  tu  to  several  tens  or  hundreds  of  meters). 

n  i  RlVCr  deposiMon  coasts  _  largely  due  to  deposition  by  rivers  extending  the  shoreline 
fluvial  deltaic  deposits  consisting  or  multiple  braided  and  branching  river  channels  separated  bv 
sedimentary  lobes  (Fip.  42);  dune  fields  are  present  on  some  deltas  where  loose  sediments  are  not 
vegetated;  channel  banks  are  frequently  steeply  eroded  by  thermo-orosional  niching  and  active  slump¬ 
ing  (Walker  and  Aruborg  1963);  some  sections  are  fronted  by  near-shote  barrier  islands  (F’ig  43) 
generally  low  to  very  low  relief  (about  0  to  4  m). 

2.  Secondary  coasts  -  coastlines  shaped  primarily  by  marine  agencies  but  which  uiav  have 
originally  been  primary  coasts. 


a.  Wave  erosion  coasts  -  coastlines  which  are  exposed  directly  to  the  open  ocean  and 
along  which  marine  deposition  is  negligible;  characterized  by  sea  clirrs  in  bedrock  or  poorly  con¬ 
solidated  frozen  material  (permafrost)  which  are  either  imdeigoing  marked  erosion  or  in  a  near- 
equilibrium  condition;  cliffs  are  wave-straightened  and  have  a  generally  sheer  and  nearly  continuous 

appearance  (Fig.  44);  may  have  a  narrow  beach  ai  the  base  or  the  slope  (Fig.  45):  moderate  to  low 
relief  (less  than  about  11  m). 


b.  Marine  deposition  coasts  -  coastlines  prograded  by  waves  and  currents  and  along  which 
marine  deposition  is  active;  fronted  by  near-shore  sedimentary  deposits  (barrier  islands  and  spits) 
that  extend  roughly  parallel  to  the  general  coastal  trend  but  are  separated  from  the  mainland  by  a 
relatively  narrow  body  of  water  (usually  less  than  about  5  km  wide;  Fig.  46):  these  barriers  tend  to 
straighten  the  coastline  and  provide  some  coastal  protection  from  the  pack  ice,  waves  and  ciurents 
of  the  open  ocean  (Fig.  47);  spits  may  a.oo  extend  across  river  valleys  and  partially  close  them 
(rig.  48  and  left-hand  portion  of  Fig,  44);  relief  generally  low  (less  than  about  4  m). 

The  distribution  of  coastal  types  is  shown  in  Figure  49  and  tabulated  in  Table  V.  About  30"'. 
ot  the  coast  is  considered  primary  (dominated  by  terrestrial  processes)  whereas  70"n  is  marine- 
dominated  (secondary). 


Geographic  Regions 

In  order  to  describe  the  geographic  distribution  of  these  different  genetic  coastal  types,  the 
northern  Alaskan  coast  was  subdivided  into  six  distinct  geographic,  regions  on  the  basis  of  geology, 
physiography  and  recent  marine  processes  (Fig.  49). 
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f  If  ate  44  Vertical  aerial  view  nf  wave  erosion  coast  several  kilometers  southwest  of  Barrow 
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Figure  4G.  Vertical  aerial  view  of  marine  depo  dtlon  rnav  near  Point  I  atv.  Sole  Inhale  ap¬ 
pearance  of  harrier  Island*  causeil  he  storm  washovers. 


iRure  4$.  Aerial  view  of  an  embayed-river-type  window  with  month  nearly 
blocked  hv  a  sedimentary  harrier  located  southwest  of  Point  Harrow.  Sole 

tents  for  scale , 
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Figure  49.  Distribution  ol  geographic  regions  and  coastal  types  in  northern  Alaska. 
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Soatktra  footkllla 

Till*  legion  1*  the  southern  ponton  of  ihe  Arctic  Foothill*  province  and  emend*  about  192  kra 
from  Cape  Thompson  nonh  and  northeastward  along  the  Chukchi  Sea  to  Sapumik  Ridge  It  is  a  fctlly 
region  which  has  the  structural  complexity  of  the  Brooks  Kang  •  province  lo  llte  south  but  is  com¬ 
posed  of  less  resistant  rocks  (laic  Paleozoic  and  Mesozoic  marine  sedimentary  for  ks  Payne  et  al. 
19**1).  The  coast  Is  primarily  the  land  erosion  type,  exposed  directly  lo  the  ojs>n  ocean  except  at 
Point  Hope  when*  waves  and  currents  have  built  a  poind'd  c  us  pale  '-re  land  of  turner  islands  which 
project  offshore.  The  mainland  Is  characterized  hy  nearly  continuous  sleep  sea  cliffs  and  blnlfs, 
up  to  260  m  high  at  Cape  Ltsburne.  Beaches,  common  along  the  hase  of  the  rlifl.  are  generally 
narrow,  steep  and  coarse-grained.  Windows,  or  breaks  In  ihe  cliffs  that  permit  inland  access  bv 
surface  transport  such  as  SKVs  occur  whr're  stream  valleys  meet  the  coast.  These  valleys  generally 
have  floors  at  or  slightly  above  sea  level.  Coastal  relief  Is  generally  high  to  very  high  (at*uut  10  lo 
260  m). 

Nortkara  footkllla 

This  region  Is  Ihe  northern  portion  of  ihe  Arctic  Poolhtll*  province  aisf  eslimd*  about  S2  km 
from  Sapumik  Ridge  northeastward  along  Ihe  Chukchi  Sea  to  tie*  F.skimo  village  of  PanlkpLk  near 
Cape  Beaufort .  It  is  primarily  a  belt  of  folded  rocks  which  fotm  parallel  ridges,  mesas  and  hills 
(Payne  _'t  al.  1951).  The  topography  Is  much  more  regular  than  In  areas  to  Ihe  south.  Tin*  mast 
Is  primarily  ihe  land  erosion  type  and  is  characterized  by  nearly  continuous  sleep  sea  cliffs  ex¬ 
posing  Cretaceous  marine  sedimentary  rocks  (see  Fig.  41).  Narrow  Imaches  ami  sedimentary 
harriers  across  windows  of  Ihe  si  team- valley  type  ate  present  but  provide  lillle  protection  from  the 
open  ocean.  Relief  along  Ihe  coast  is  high  (about  10  lo  75  m)  bm  is  lowit  than  Mint  of  Hie  southern 
foothills. 

Footkill  till  WlK( 

Tills  region  is  ihe  weslernmowl  pari  of  Ihe  Teshekpuk  Lake  section  of  the  Arciie  Coastal  Plain 
province  and  extends  alioul  172  km  from  near  Cape  Beauforl  lo  Ihe  Utnkok  River  near  Icy  Cape. 

This  region  Is  primarily  a  low  rolling  topographic  extension  of  the  northern  foothills  which  has  been 
»mru*d  hy  up  to  45  m  of  Quaternary  silt  (O'Sullivan  1961).  The  mainland  ts  characterized  by  nearly 
continuous  moderate  to  high  relief  sea  cliffs  (about  4  lo  14  m).  The  southernmost  section  Is  wave 
erosion  coast,  exposed  ditectly  to  the  open  ocean.  The  northern  portion  Is  marine  deposliional 
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,>y  t  r*  r‘U'M  l>f  «'«"  3  m)  offshore  turn.*,  islands 

inclose  a  shallow  Ugoon  (see  Ftp.  ^6).  Behind  the  hauler  islands  ttvers  have  formed 
mwierows  small  deltas  wliirli  project  out  into  the  sltallow  lagoon. 

Couul  PI  ala  /ewt  of  Pol  at  Bmo* 

Tins  region  ts  r.iso  patl  of  the  Tcshokpnk  laiko  section  of  the  Coastal  Plain  and  extends 
alMwt  36T*  km  from  the  Utnkok  River  northeast waid  along  U.e  Chukchi  Sea  to  Point  Harrow.  The 

*  oastal  Plan,  is  low  and  smooth,  sloping  gently  (tor,,  toothills  to  the  At.  lie  Ocean  |i  ,s 

cluracteri/.isl  hy  we,  tundra  and  abundant  lakes.  mcandcrt.ig  streams  and  swamp  n,,. 

wetness  Is  due  to  slow  evap.sall.si  and  fuss  dtuinage  as  well  as  petmabost  al  shallow  depths  Is- 
eu  the  surface  vegetation  (Payne  e,  al.  I9M>.  Thcegion  is  nnderlatn  hv  :i  to  -If,  m  of  nncmsol,. 

"tSTST'S! . ******  ",S,,UU  <’"  ""atly  fl"  <W*«*  sed.men.arv  rocks  containing 

»  oal  Wahihaftlg  1%  ,).  Tlie  mainland  is  .hara.  l.itml  by  nearly  conttmiorr*  sea  elitfs  which  aie 
e l,h.*r  expos»*d  dn.vtlv  to  the  .s  eat,  (wave  erosio,,  cust.  such  as  Fig.  1 1)  «,  f.ont.sl  hv  near- 
shore  srshnsni  aty  turners  (marine  dep.Mh.mal  coast).  Narrow  beaches  aim,  much  of  the  sea  cliff 

*  ,  -0).  Although  the  ocean  has  uiieiseci.d  nnmer.sis  rivers  along  Hus  cMsi.  none  have  !,*„»., | 

del, as  of  any  significance  (for  example.  see  Fig.  48).  Coastal  teHef  ,s  generally  n«sle,;„e  |,,w 

ess  than  alsni,  12  m)  and  Is  a  function  of  . . leva, ton  of  the  adjacent  flat  land  smf.n  e  will, 

tespect  ,o  sea  level. 

Waves  and  longsh.ae  ditft  from  the  southwest  have  produced  nearly  eonl Intt.ms  cuhis  of  battier 

lsl.in.ls  (I  olnt  Uv  and  Ice  Cape)  and  large  spits  (Point  Franklin  and  Point  llattow).  A,  point 

Ha, row  two  systems  of  longshore  transport  cm  verge  (from  the  southwest  and  southeast)  but  >;|,ev 

have  not  produce.!  liars  and  spits  as  extensive  as  might  !„•  ex|>ected  (Rex  I9f>l).  bislead.  this  is 

acuully  an  area  of  Urge  scale  eroston.  about  4  ,o  6  m  per  year  (Leffingwell  1919.  MaeCanhv  I9.V1) 

Z"!^a  T  'ran!'PO,,e<l  ,n'°  and  vtodod  «l»  aiea  are  I  _ng  carried  ofTshore  and' 

im  .Cr  i?°0an  ft!"  ,hr^h  BafT0W  &,a  Vulh'y  ,Ca,soL  >»r,2)  which  passes  approximately 
8  km  lo  the  northwest  of  Potnt  Batrow  (Rex  19f,4).  • 


Y 


F“m  *■  "ZZXF  C,T  ,m  "mm  *W*  **•«*  *»  rtW,  ah™, 

.5  m  high  located  southwest  n(  Point  Harrow. 
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CoMtai  PI  all  east  of  Pol  at  Barrow 

TV  *  "*  T°Sl'°kp"k  Uke  ’•*»"”  *  "»  Coastal  Plain  and  extends 

,“rc„  ST  r'~  **«*  IW°"  10  Konnranevik  Point  near 

°*  ine  t/*iIin,nt’  River.  It  is  a  continuation  of  the  Coastal  Plain  reeion  to  the  we*» 
except  that  sea  ice  influences  the  shoreline  more  strom-tv  The  n.  i  ■  ’ 

crate  to  low  relief  «».,  a  '  ‘  1R  characterized  by  nearly  continuous,  mod- 

»  iz  szrszsztsz 

>UM  tills 

pjssr  zsrmrss  cr?  "tr*  tms  290  •» *- 

:r«*r  ^rr 

z:zF  r: ™  ra  r::r * 

p-ocecd,* r:,r^:h“ My  p°"™  °f  ,h°  —»•  -  ««*»■  — > — ...  » 


Coastal  Relief  Features 

of^stLTrelieTtls1  ^  ^  r^io,1S  permi,R  tlle  identification  of  three  calories 

the  unique  processor  coastalre^t  huhis  r"5'  N°,e  ,hat  °* ,he  ReneraUy  flat  terrain  and 

of  the  elevation  of  the  adjacent  land  surface  *  fUnC,ion 

Low  relief  (less  than  -.out  2  m;  568  km  or  26%  of  the  total  coast) 

,inH  .Rf iCf  °f  ,hiSi,ype  is  primarily  associated  with  depositional  features  such  as  barrier  islands 
^  d  So;  7  rne  dePOSiti°n  C0US,S  and  «"-'*»  valley  entrances  (see  Fi "  43 

coastffaie^we8 ^  7*  42  ^  43)‘  and  b^lieR  which  abut  most  of  the 
in  the  tJL  J^i^LZZ  :™T^°^TSTmS  °fSea  C,lffS  al0,,K  w  P01I1,S 
are  generally  minor  because  of  ^1^1  ls  TvI  c  n  A  "l  ^  ,hecoast 
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Figure  51.  Location  map  (or  coastal  profiles  15-26  near  Barrow. 
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Figure  52.  Low-relief  coastal  profiles  from  near  Point  Barrow. 
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Moderate  relief  (about  2  to  5  m;  939  km  or  44%  of  total  coast) 

Relief  of  this  type  is  primarily  associated  with  sea  cliffs  or  scarps  along  wave  erosion  coasts 
and  the  mainland  of  marine  deposition  coasts  (see  Fig.  35-38,  50).  These  cliffs  are  undergoing 
some  degree  of  erosion  and  form  a  generally  sharp  break  along  the  edge  of  the  flat  tundra  surface. 
Slopes  and  lateral  characteristics  are  variable,  Some  cliffs  are  steep  with  nearly  uniform  slopes 
across  long  distances  (see  Fig.  45  and  47).  Others  are  more  irregular  due  to  differential  erosion 
along  polygonal  ground  features  and  thawing  of  permafrost  (see  Fig.  37,  38,  53).  Typical  moderate 
relief  profiles  from  the  vicinity  of  Point  Barrow  are  shown  in  Figure  54.  Profiles  130  and  21,  along 
the  shore  of  Elson  Lagoon,  have  sharp  erosional  breaks  in  slope.  Profile  22  is  located  about  1  km 
inland  along  a  large  estuary  where  slumped  material  forms  gentler  slopes  (located  in  same  area  as 
Fig.  62  and  63). 


Figure  53.  Aerial  view  of  eroding  and  slumped  moderate-relief  coast 
southwest  of  Point  Barrow. 
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Figure  54.  Moderate-relief  coastal  profiles  from  near  Point  Barrow. 
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High  relief  (greater  than  about  5  m;  566  km  or  26%  of  total  coast) 

Relief  of  this  type  is  found  along  the  sea  cliffs  of  land  erosion  coasts  and  wave  erosion  coasts. 
Because  of  bedrock  control  and  protection  by  the  large  ramps  of  snow  and  ice  which  form  in  the 
winter,  these  cliffs  are  undergoing  much  more  gradual  erosion  and  slope  retreat  than  moderate-relief 
areas.  The  cliffs  are  generally  steep,  sheer,  and  nearly  uniform  across  long  distances  (see  Fig. 

40,  41,  44,  55).  Typical  high-relief  profiles  from  the  Point  Barrow  area  are  shown  in  Figure  56. 
Profiles  23  and  24  have  steep  slopes  and  form  a  sharp  break  between  the  tundra  surface  and  the 
sea.  Profile  25  is  along  the  coast  in  an  area  where  the  slope  lias  eroded  back  less  steeply,  much 
as  in  Figure  53.  Profile  26  is  inland  along  Nunavak  Bay  where  slopes  are  gently  and  steep  scarps 
rarely  develop. 

An  additional  82  km  or  4%  of  the  coast  is  open  water  where  streams,  rivers  and  lakes  are 
intersected  by  the  ocean. 

Distribution  of  coastal  relief 

As  noted  previously,  the  total  coastal  relief  (or  height  of  the  sea  cliff  where  present)  was 
estimated  from  topographic  maps  and  tabulated  in  increments  of  0-1,  1-2,  2-3,  3-4,  4-5,  5-8  and 
"'S  m  for  each  of  the  six  geographic  regions  (Table  VI).  Mean  scarp  heights  were  calculated  by  a 
weighting  process,  using  mid-point,  values  in  the  relief  increments,  and  a  value  of  10.5  for  the  -8  m 
increments.  These  data  revealed  that  about  1590  km  or  74 of  the  coast  has  a  scarp  height  of  5  m 
or  less  and  that  mean  scarp  heights;  decreased  to  the  east  along  the  coastal  plain  (Fig.  57).  Mean 
scarp  height  for  the  entire  coast  is  about  4  m. 


Figure  55.  High-relief  coast  of  sea  cliffs  about  12  m  high  located  near 
Skull  Cliff  between  Point  Barrow  and  Wainwright. 
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ALASKAN  COASTAL  PLAIN 


'll 

z 

o 

1 

0> 

CD 


C3 

‘3  * 

51 

O  £ 


no 


ft.  o 

2  2*0 

“  z 


o  £ 

«ri 

?  03 

<b  *** 

h 


S3 

2  —  o 

ft.  s  £ 

2  §  S 

3  ft- 

o 

O 


S3  ** 

5  5 

0)  ^5 

5  5 

5  o 
2  © 
^  0, 


S3  W 

S  r: 

05  ^ 

"S  *s 

2  © 
O  Q 
60  £ 


CO 

40 

o 


05 

9 


no 

$ 


05 

CD 


© 

06 


0J 

05 


05 

00 


1* 
§  n 

S  a 


4° 

M  w  T  M  n  01)  .6  00 

■*  3’  &  S  *  S'  2 

H 

♦  CO  03  o  o  «  to  *r 

=  21sS®*^  « 

^  1/3  ?i  CO  01  w 


4? 

^  O  1/3  0i  Pi  o  ^ 

00  ?i  h-  »h 

CO  w*  P4 


E 

h*  05  W  N  t/3  C0  p? 

s'  3  8  $j  ?i  i  " 


«r 


00 

oi 


4* 

1* 

co 


E 

.* 

b0 

03* 

s 


4? 

03 


00 


05 

CO 


01 

CO 


4?  * 

no  r>* 

*°  R 

E 

rf  CO 
00  Oi 


*/!  H  i/3  i/3  CO  rf 

S  S  *  s  * 


to  p<  o 
r?  00’  t-’ 
«  s  >»• 


w  o 
— '  oo 


& 


4? 

O  »  <f  N  OI  W  00 

•  «  2  li  ri  ■  eo  ri 

OI  N 


00 

s? 


4* 

k 

£ 

no 

8 

03 


4? 

t>» 

I/O* 

no 


00 

Oi 


S3 

C  CO  00  to  lO  ’t  lO 

no  qj  to  op*  |n.'  rr 

Oi  no  *}■  no  •**•  fN.  qq 


Oi 

no 


!  S 


05 

a 

o 


c 

ft. 


■o 

s 

*a> 

s 


bO 

CD 


4® 

O  00  Oi 
•“*  05  oi  o’ 
CO  -* 

E 

JC 


CO  to 
Oi  Oi 


Oi 

CO 

s 


s' 


CO 


CO  05 

CD 

00  CO 

Oi 

a 

CD 

?3 

0 

CD* 

no 

r- 

Oi’  Oi’ 

r- 

CD 

03 

t/5 

<•_> 

0 

0 

u. 

l/t 

c 

e* 

fi. 

2 


05 

5 

o 


CO  05 

9  ■§ 


6” 

CO  rr 

CD  00 

TJ* 

4° 

CD 

S  6 

CO 

00 

CO 

iO  00* 

•“*  co 

1/3 

0  c 

JS  ^ 

oi 

00 

CO 

E 

»o 

E 

Jc 

2  eo 

&  -5 
0 

1.5 

11.1 

12.8 

56.6 

CO 

05 

oi 

Cm  «- 

0  ^ 

^  — 

4° 


E 


Oi 

no 


eO 

O 

v.  M 
0  CO 
to  O 
4s  t) 


~  E 


05 
CO*  CD* 

-*  co 


no  «"* 

Oi  fN. 


05 


c°'30-'(Nw4'inA 


g  * 
*  5 

£.s 

§•* 


4? 

CD 


E 


no 

03 


E 

no 

V! 


00 

no 


o  E 
a 

S  a 

Q5  — ' 

s  2 


3  ._ 

CO 

«  ]= 
0  t: 

Sb  § 

^  b. 
§  c 

O  a; 

»:f 

>-)  o 

^  03 

E  w 

O  O 

iz 

05 

•O  •- 
®  £ 
I  © 

E  rt 
o  a> 
O  S 


COASTAL  CONDITIONS  OF  ARCTIC  NORTHERS  ALASKA 


Cl 


IMon 

As  noted  previously,  the  primary  obstacle  to  surface  transportation  such  as  SKV's  moving 
between  inland  areas  and  the  ocean  aeioss  ibis  coast  is  ilte  swt ions  of  scatp  or  sea  eliff  that  are 
sheet  and  nearly  continuous.  Except  where  tin*  coastal  relief  ts  low.  the  wily  amines  of  inland 
movement  are  through  windows  w  lireaks  in  the  coaxial  scatp.  Tiese  can  Is*  genetically  classified 
into  four  primary  types 

1.  Gullies  -  narrow  V-shapi-d  valleys,  at  least  .'10  in  wide  ami  generally  extending  less  than 
about  1  km  Inland,  carry  only  nitnm  water  flow  primarily  erostonal  featmes  developed  along  the 
margins  of  polygons  such  as  tn  Figures  10  and  44. 

2.  Streams  *  narrow  flowing  liodics  of  water  in  valleys,  at  least  30  ni  wide  and  extending 
several  kilometers  inland;  streams  carry  significant  water  flows  hut  the  mouths  of  the  valleys  ate 
at  or  above  sea  level,  preventing  flooding  of  tte  valleys  by  the  ocean  (see  Fig.  41.  right  side). 

3.  Embayed  rivers  •  drowned  stream  valleys  or  wide  river  channels  which  provide  wide  win¬ 
dows  that  may  extend  tens  of  kilometers  inland  (such  as  deltas  in  Fig.  42  and  43).  valleys  that 
have  been  drowned  by  the  ocean  to  form  wide  estnaues  art*  usually  ftonted  by  low-relief  hairier 
spits  (see  Fig.  44  and  48). 

4.  Lakes  -  thaw  lakes  (Carson  and  Hussey  1962)  which  have  lieen  miciscctcd  by  the  ocean 
and  drowned;  generally  wide  and  shallow  hut  only  extend  short  distances  inland  (see  Fig.  4.r>). 

Data  on  window  type,  encounter  frequency,  lican  width,  and  mean  inland  extension  are  sum¬ 
marized  by  geographic  region  in  Table  VII.  Note  how  closely  the  characteristics  of  the  windows 
are  related  to  the  relief  featmes  of  the  different  geographic  regions.  To  the  west  there  are  few 
windows  per  kilometer  and  gullies  predominate.  Fntther  east  along  the  coastal  plain  windows  are 
much  more  frequent  and  waterway -type  windows  such  as  streams,  embayed  rivers  and  lakes  pre¬ 
dominate.  Data  on  window  spacing  are  summarized  by  geographic  region  in  Table  VIII.  About  83"i 
of  all  windows  are  1.5  km  or  less  apart. 

Seaaoaal  variations  in  coastal  relief 

The  winter  profiles  from  the  Paint  Uairow  area  illustrate  how  dramatically  the  surficial  geometry 
of  the  coast  is  altered  by  the  seasonal  cover  of  windblown  snow.  In  the  winter  the  ocean  surface 
is  frozen  fast  along  the  coast  and  the  .-."tu^i  shoreline  is  difficult  to  locate  except  for  the  difference 
in  elevation  between  the  tundra  surface  and  the  sea  ice.  Where  a  pronounced  sea  cliff  or  scarp  is 
present,  a  compact  wedge  of  windblown  snow  frequently  accumulates  to  form  a  gently  slopingramp 
from  the  tundra  edge  down  onto  the  frozen  sea  surface  (Fig.  58).  The  adjacent  beach  is  usually 
smoothly  covered  by  the  toe  of  the  ramp  but  irregularities  may  form  around  grounded  blocks  of  sea 
ice  and  ridges  of  sediment  (see  foreground  of  Figure  65).  Rarely  are  the  surficial  sediments  of  the 
beaches  visible  'lirough  the  snow  cover.  In  some  areas  the  wind  deposits  the  snow  in  a  steep  cornice 
%hich  only  partially  ramps  the  sea  cliff  (Fig.  59). 

Data  front  the  winter  profiles  which  represent  varying  heights  and  orientations  of  coastal 
scarps  suggest  that  the  shape  of  the  ramp  or  the  potential  for  holding  snow  is  controlled  bv  the 
following  factors' 

1.  height  of  sea  cliff 

2.  steepness  or  slope  of  (  lift  face 

3.  configuration  or  roughness  of  slope  surface 

4.  orientation  of  sea  cliff  with  respect  to  prevailing  winds  and  snow  source. 

Profiles  15  and  16  (Fig.  52)  have  no  scarp  where  snow  can  accumulate  and  the  winds  have  tended 
to  scour  the  snow  cover,  making  it  uneven.  At  profile  17  on  Klson  Lagoon  where  the  coast  has 
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Figure  5S.  Hump  unit  small  cornier  along  sen  cliff  uhoat  ft  m  high  near 

Harrow. 


Reproduced  from 
best  available  copy 


Figure  .Vi.  Steep  cumin  along  sea  cliff  about  It)  in  high  located  about 
I  km  southwest  of  Harrow. 
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higher  relief  and  a  north-south  orientation,  a  low.  gently-sloping  rump  has  been  built  (note  the 
dramatic  change  from  summer  to  winter  shown  in  Figures  60  and  61).  Profiles  18  and  19  are 
located  along  small  estuaries  a  short  distance  inland  from  the  coast.  Smooth  ramps  have  formed 
over  the  low  cliffs  and  the  *ntire  estuary  valley  has  been  filled  with  snow  (note  summer  and  winter 
views  of  the  same  location.  Figures  62  and  63).  With  increasing  relief  (see  profiles  20-22. 

Figure  54).  larger  and  more  steeply-sloping  tamps  develop. 

Along  high  relief  sea  clifTs  (5  m  or  greater)  very  large  ramps  were  observed  (see  profiles  23- 
26.  Fig.  56).  The  steep  summer  profiles  of  slumped  material  (see  profiles  23  and  24.  Fig.  56a.  b 
and  64)  were  completely  covered  by  a  large,  gently  sloping  ramp  of  windblown  snow  (Fig.  65).  The 
snow  surface  is  generally  smooth  except  near  the  toe  of  the  ramp  where  grounded  ice  blocks  may 
cause  local  irregularities  (Fig.  65).  Summer  profiles  which  are  less  steep  (such  as  profiles  25  and 
26,  Fig.  56c,  d)  have  thinner  snow  cover  but  are  still  smoothly  ramped.  From  these  profiles  it 
appears  that  ramps  which  form  on  the  lee  side  of  scarps  tend  to  have  smoother  surfaces  due  to  the 
' 'dumping"  effect  of  the  snow,  whereas  those  to  windward  have  rougher  surfaces  because  of  wind 
abrasion. 

For  several  kilometers  southwest  of  Barrow  Village  along  sea  cliffs  about  9  m  high  no  rumps 
were  observed.  Instead,  steep  cornices  developed  (Fig.  59),  apparently  due  to  the;  orientation  of 
the  coastline  with  respect  to  prevailing  winds.  That  is.  the  winds  here  tend  to  blow  over  the  cliffs 
and  along  the  coast,  reworking  the  previously  deposited  snow  and  forming  the  cornice.  Summer 
and  winter  views  of  this  area  are  very  similar  (Fig.  66.  67)  with  the  mow  forming  only  a  thin  layer 
over  the  sloping  sea  cliff  and  beach. 

Data  from  these  profiles  are  summarized  in  Table  IX.  Low  relief  profiles  (mean  relief  1.4  m) 
have  a  southeasterly  exposure,  thin  snow  cover  (mean  about  0.54  m),  and  summer  and  winter  slope 
angles  of  13.3°  and  2.3°  respectively.  Moderate  relief  profiles  (mean  relief  3.1  m)  have  a  northeast 
exposure  toward  the  prevalent  wind  direction  and  have  a  thicker  mean  snow  cover  (1.04  m).  Summer 
slopes  are  steep  (39.7°)  and  narrow  (3.8  ni)  whereas  winter  slopes  are  very  gentle  (5.2°).  High 
relief  profiles  (mean  6.7  m)  have  a  northwesterly  exposure,  thick  snow  cover  (mean  1.52  m)  and  wider 
slopes  (29.0  m).  Summer  slopes  are  about  15.4°  and  winter  abont  8.2°.  Highest  slope  values  for 
all  profiles  (excluding  short,  steep  scarps)  was  23.4°  for  summer  and  12.5  for  winter. 


Operation  of  Surface  Effect  Vehicles 

In  summary,  the  primary  obstacle  to  the  operation  of  SEV’s  moving  across  the  coastal  zone  be¬ 
tween  inland  areas  and  the  Arctic  Ocean  in  northern  Alaska  is  the  long  stretches  of  nearly  continuous 
sea  cliffs.  The  mean  coastal  relief  forthis  coast  is  about  4  m  (based  on  snow-free  conditions);  how¬ 
ever.  about  566  km  or  26%  of  the  coast  has  sea  cliffs  which  are  more  than  5  in  high  (Table  VI). 

The  relief  conditions  along  the  coast  which  are  summarized  in  Figure  57  show  that  highest  scarps 
occur  to  the  west  along  the  foothills.  The  profiles  from  the  Barrow  area  are  typical  of  the  coast 
and  demonstrate  that  during  late  winter  and  early  summer  inclined  ramps  of  windblown  snow  which 
frequently  form  can  greatly  subdue  the  coav.il  relief,  These  ramps  can  make  all  but  the  highest 
relief  features  considerably  easier  to  cross  for  even  small  SEV's  with  limited  slope-climbing 
capability. 

In  areas  with  high  relief  the  windows  or  breaks  in  the  coastal  scarp  along  streams,  rivers 
and  lakes  provide  ready  avenues  for  inland  access  by  SEV's  along  much  of  the  coast.  The 
distribution  of  windows  which  is  summarized  in  Tables  Vll  and  Vlll  shows  that  as  relief  increases 
the  frequency  of  windows  decreases.  About  83%  of  the  windows  arc  spaced  at  1.5  km  or  less.  It 
should  also  be  noted  that  local  accumulations  of  driftwood  along  portions  of  the  eastern  coast 
(especially  near  large  rivers)  form  tangled  masses  which  may  be  a  threat  to  skirts  of  SEV  s. 
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Figure  SO.  Summer  view  of  profile  17  along  Elson  Lagoon.  Note  slumped 
tundra  and  absence  of  a  beach. 


Reproduc«d  from 
bot  «v»il«bl>  copy. 


Figure  61.  Winter  view  at  same  location  as  Figure  60.  Note  smoothing 

effect  of  snow  ramp. 
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Fme  el.  Summer  view  of  uury  ueur  profile  19.  Note  slumped  wudru 

along  shore. 


Reproduced  from 
oe»>  available 


copy 


Figure  63. 


Winter  view  ut  same  location  as  Figure  62. 
filled  in  the  estuary  vallev. 


Note  that  snow  has 
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Figure  64.  Summer  view  of  eroding  sea  cliff  about  .9  in 
high  near  profile  23. 


Figure  65.  Winter  view  at  profile  23.  Note  large  ramp  of  windblown  snow 
and  sea  ice  blocks  on  beach  in  foreground. 
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Figure  67.  Winter  view  ut  same  locution  as  Figure  66.  Note  thin  snow 
cover  and  cornice  in  background. 


Table  IX.  Data  from  coastal  profiles  located  in  the  vicinity  of  Point  Barrow. 
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